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XTE J1901+014 the First Low-Mass Fast X-ray Transient?
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We ontinue to study the fast X-ray transient XTE J1901+014 disovered in 2002 by the
RXTE observatory, whose nature has not yet been established. Based on the XMM-Newton
observations of the soure in 2006, we have obtained its energy spetrum, light urves,
and power spetrum in the energy range 0.5-12 keV, whih are in good agreement with
our results obtained previously from the data of other observatories. In turn, this suggests
that the soure's emission is stable in the quiesent state. The XMM-Newton observations
also allowed the soure's loalization auray to be improved to <2 , whih subsequently
enabled us to searh for its optial ompanion with the RTT-150 and 6-m BTA (Speial
Astrophysial Observatory) telesopes. Combining optial, X-ray, and infrared observations,
we have onluded that the optial ompanion in the system under study an be either a
later-type star at a distane of several kp or a very distant red giant or an A or F star.
Thus, XTE J1901+014 may be the rst low-mass fast X-ray transient.
Key words: fast X-ray transients, outbursts, neutron stars, blak holes.
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INTRODUCTION
XTE J1901+014 was disovered by the all-sky monitor (ASM) onboard the RXTE spae
observatory during its outburst on April 6, 2002, with a peak ux of 1.2 Crab in the energy
range 1.5-12 keV that lasted from > 2 min to < 3.15 h. The oordinates of the soure
(J2000.0), R.A. = 19
h
01
m
46
s
and DEC = +1
◦
24
′
15
′′
.7 ., were determined with an auray
of ≈3
′
(Remillard and Smith 2002).
Only one persistent X-ray soure, 1RXS J190141.0+012618, from the ROSAT atalog
falls within the error box in this diretion. Based on INTEGRAL, RXTE, and ROSAT data,
Karasev et al. (2007) onluded that (1) these soures are idential and (2) a persistent ux
of ≈ 2.7 mCrab in the energy range 0.6-100 keV is reorded from XTE J1901+014 in the
quiesent state. Karasev et al. (2007) searhed for the possible optial ompanions of the
soure and assumed that this is a low-mass system, whih is atypial of fast X-ray transients.
Analysis of the arhival ASM data provides evidene for the latter. It revealed a previous
outburst from the objet under study in July 1997 with a peak ux of 0.4-0.5 Crab in the
energy range 1.5-12 keV and a duration > 6 min and < 8 hours (Remillard and Smith 2002).
Note that none of the outbursts ould be assoiated with the X-ray afterglow of gamma-
ray bursts, sine there were no bursts in the orresponding atalogs lose in time and position
to the outbursts under study. No other outbursts of suh an intensity have been deteted
from the soure.
Based on XMM-Newton data, Smith et al. (2007) improved the loalization auray of
XTE J1901+014 to ∼1
′′
. Subsequent infrared observations of this sky region with the 3.5-m
TNG telesope (La Palma) did not reveal any optial ompanion in the J and H bands. A
very weak signal was deteted only in the K band (Smith et al. 2007).
In this paper, we reanalyzed the XMM-Newton observations of XTE J1901+014 in O-
tober 2006 and searhed for the optial ompanion with the RTT-150 and BTA (Speial
Astrophysial Observatory) telesopes. Combining our results with the data from the op-
tial USNO-B1 and GSC 2.3 and infrared 2MASS and DENIS atalogs, we onluded that
the optial ompanion in the system is highly likely to be a low mass star.
OBSERVATIONS
We used the data from the PN and MOS X-ray telesopes onboard the XMM-Newton
observatory obtained when XTE J1901+014 was observed on Otober 14, 2006. The soure's
eetive exposure time was ≈ 5 ks. The data were proessed with the standard SAS 7.1.0
software (http://xmm2.esa.esa.int/sas/). For the subsequent analysis of the X-ray (0.5-12
keV) spetra and light urves of the soure, we used the software inluded in the standard
HEASOFT pakage (http://heasar.gsf.nasa.gov/dos/software/lheasoft/).
To searh for the optial ompanion, we used data from well-known optial and infrared
atalogs, USNO-B1 and 2MASS, as well as additional observations of the soure with the
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Russian-Turkish RTT-150 telesope and the BTA telesope (Speial Astrophysial Obser-
vatory). Upper limits for the possible optial ompanion were estimated with RTT-150 in
the r'-band (SDSS) and with BTA in the I-band. The data from the optial telesopes
were proessed with the software inluded in the IRAF pakage (http://iraf.noao.edu/) us-
ing the orresponding photometri solutions, The total RTT-150 and BTA exposure times
were ≈3600 and ≈600 s, respetively.
SPECTRAL AND TIMING ANALYSES
Based on XMM-Newton data, we were able to obtain a high-quality, statistially signi-
ant spetrum of XTE J1901+014 in the energy range 0.5-12 keV, whih was analyzed using
the XSPEC pakage. The soure's spetrum is well tted by the simplest power-law model
with absorption,
A(E) = K × (E/1keV )−Γ
where Γ is the photon index and K is the normalization of photon keV−1m−2s−1 to 1 keV.
The absorption is speied by the funtion M(E) = exp(−NH × σ(E))), where σ(E) is the
absorption ross setion (Morrison and MCammon 1983), and the atomi hydrogen olumn
density toward the soure is NH = (2.58±0.11)×10
22
atom m
−2
; the orresponding photon
index and 0.6-12 keV ux are Γ = 1.98±0.03 and ≈ 2.5 mCrab, respetively (Fig. 1). These
results are in good agreement with the results of the spetral analysis obtained by Karasev
et al.(2007) using a ombination of data from the other observatories in a wide energy range
(0.5-100 keV). This leads us to onlude that the soure's emission in the quiesent state is
spetrally persistent. Note that the results of our spetral analysis based on MOS and PN
data agree losely.
It is well known that the spetra of low-mass neutron-star binaries an be tted by a
ombination of two blakbody spetra, one of whih represents the aretion-disk emission
and the other represents the boundary-layer emission (see, e.g., Sibgatullin and Sunyaev
2000). Applying this model to the desription of the spetrum for the objet under study
yields the following best-t parameters: NH = 1.4×10
22
atom m
−2
, kT1 = 0.82±0.03 keV,
and kT2 = 2.57± 0.05 keV. These are in good agreement with the observed boundary-layer
and aretion-disk temperatures (see, e.g., Gilfanov and Revnivtsev 2005).
To reveal temporal features, we onstruted the soure's power spetrum using PN/XMM-
Newton data. The power spetrum revealed no periodi variability of the ux from the
soure (Fig. 2). However, aording to Titarhuk et al. (2007), a slope of ≈1.5 is typial of
areting systems. In addition, the power spetrum exhibits an impliit feature (attening)
near a frequeny of 0.001 Hz, whih, aording to the results of the same paper, an be
assoiated with a hot orona.
The XMM-Newton data are also indiative of an aperiodi variability in the system, whih
spetrally orresponds to thequiesent state, exept for the normalization. This was pointed
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out previously by Karasev et al. (2007) based on RXTE data.
LOCALIZATION AND THE OPTICAL COMPANION
XTE J1901+014 was at the enter of the PN and MOS felds of view during the XMM-
Newton observations. The statistial error in the soure's position, ≈ 0
′′
.3, was determined
using a standard proedure of the searhing for and loalizing soures. The typial XMM-
Newton systemati error in the soure position is ≈ 2
′′
(1σ). Thus, based on XMM-Newton
data, we loalized XTE J1901+014 with the oordinates R.A. = 19
h
01
m
40
s
.22 and De =
+01
◦
26
′
25
′′
.37 (J2000) and an auray of ≈2
′′
. Note that these oordinates oinide, within
the error limits, with those of Smith et al. (2007), but the loalization auray for the latter
is better (≈1
′′
). The improved position of the soure slightly diers from its position found
by Karasev et al. (2007) using HRI/ROSAT data. Previously, this aused diulties with
the identiation of the optial ompanion (see Fig. 3a).
Subsequent observations of this region with the optial RTT-150 and BTA (Speial Astro-
physial Observatory) telesopes failed to unambiguously determine the optial ompanion
of the soure due to its faintness (see Figs. 3a and 3b). We managed to obtain only upper
limits for the magnitudes in the orresponding optial bands. The upper limits in the r'
(RTT-150) and I (BTA) bands are ∼23.5 and ∼24.5 mag, respetively. The derived limits
and the absene of an infrared signal (see, e.g., Fig. 3) suggest that the system under
onsideration is unlikely to be a high-mass X-ray binary in our Galaxy, whih is onsistent
with the assumption made by Smith et al. (2007).
In our ase, the unertainty in the interstellar absorption toward the soure severely
hampers a more aurate determination of the possible type of the system. Therefore, we
made absorption estimates using stars lose to XTE J1901+014, more speially, those
lying within 4
′
of XTE J1901+014.
Sine the olors of stars depend only on the absorption, we determined the types of the
neighboring stars based on the olor tables from Bonneau et al. (2006) by varying the
absorption and using 2MASS, DENIS, USNO-B1, and GSC 2.3 data. Subsequently, using
the K(J-K) olor diagram from Zurita Heras et al. (2008), we hose the distane in suh a
way that the K magnitude typial of a star of a given type orresponded to the value of J-K
obtained above. Figure 4 presents the distane dependene of the absorption obtained by the
method desribed above. Here, the absorption error is determined by the step with whih we
vary the absorption, while the distane error is related to the errors on the K(J-K) diagram.
The gure presents the results for ∼30 stars. Sine the magnitudes from the USNO-B1 and
GSC atalogs have fairly large errors (∼0.15-0.3 mag), an unertainty in determining the
type of stars arises, i.e.,depending on the absorption, several types of stars orrespond to
the same set of magnitudes from the atalog and, aordingly, we obtain several points in
the gure for the same ombination of magnitudes from the atalog. In addition, the type
of the star may not hange with absorption. In this ase, the rosses in Fig. 4 form vertial
trends. It follows from the onstruted distane dependene of the absorption that NH does
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not exeed 0.8 × 1022 atom m−2 for the most distant stars (4-5 kp). These results are in
satisfatory agreement with the data obtained from the H I absorption maps (Dikey and
Lokman 1990) in this diretion, (0.6− 0.8)× 1022 atom m−2.
Having estimated the interstellar absorption toward the soure and the upper limits in
two optial bands, let us now attempt to estimate the possible types of the stars as the
optial ompanion and the distane to the system. It is pointed out in the telegram by
Smith et al. (2007) that a small exess of the signal above noise was deteted in the XTE
J1901+014 error box with the 3.5-m TNG telesope in the infrared K band, while no exess
was observed in the J and H bands. Therefore, for the subsequent analysis, we assume that
the upper limit for the soure's K magnitude is 14.5, whih was obtained from the 2MASS
and DENIS data.
In the subsequent analysis, by assuming the stellar spetrum to be a blakbody one,
we onstruted the dependene of the star's distane on its surfae temperature so as to
satisfy the derived upper limits on the olors. Beause of the well-known unertainty in
the type-luminosity relation, we took the maximum and minimum luminosities for eah
type of stars to estimate the upper and lower limits on the distane to the system. The
analysis was performed for the ases with dierent absorptions, NH = 0.8× 10
22
atom m
−2
(maximum interstellar absorption in this diretion), NH = 1.4× 10
22
atom m
−2
(this value
was obtained by tting the X-ray spetrum of the soure by a ombination of blakbodies),
and NH = 2.58×10
22
atom m
−2
(a power-law t to the spetrum). The results are presented
on Fig. 5. Here, the long dashed line marks the distane to the Galati edge in this diretion
(∼17-20 kp). Thus,we see from Fig. 5 that a star from the lass of OB giants, typial of
fast X-ray transients, annot be the ompanion of the system for any absorption onsistent
with the X-ray data. A star of late G-K types is a possible optial ompanion of the system.
In this ase, additional absorption an arise either at the edge of an inlined aretion disk
or from inhomogeneities of the interstellar medium on the line of sight. Another possible
ompanion is a very distant A or F star. In this ase, the additional absorption an exist
in the system due to stellar wind, but the soure beomes a super-Eddington one during its
outbursts. Figure 5 (short dashed line) shows the distane at whih the soure during its
2002 outburst would reah the Eddington luminosity limit for the neutron star. In our ase,
this is ∼5 kp.
CONCLUSIONS
In this paper, based on X-ray, optial, and infrared data, we arried out studies to establish
the nature of the soure XTE J1901+014.
The soure's power spetrum is typial of areting X-ray binaries with a slope of ≈-1.5
and reveals no periodi variability of the ux.
Based on XMM-Newton data, we obtained improved oordinates of the soure. Subse-
quently, this allowed us to perform observations of this sky region with the RTT-150 and
BTA (Speial Astrophysial Observatory) telesopes to nd the optial ompanion. The
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observations yielded only uppers limits on the r' and I magnitudes (23.5 and 24.5 mag,
respetively). In ombination with the absene of a statistially signiant infrared signal
(Smith et al. 2007), this suggests that the system should be a low-mass one.
A serious diulty for the ultimate identiation of the system and the determination
of its distane is a signiant exess of the absorption derived from the X-ray spetrum
((1.4 − 2.6) × 1022 atom m−2 , depending on the spetral model used) ompared to the
interstellar absorption toward the soure (0.6 − 0.8) × 1022 atom m−2. Note that despite
the exess absorption in the spetrum, the soure annot be an absorbed high-mass system,
i.e., a system loated in a loud of gas and dust, sine, in this ase, the absorptions derived
from the X-ray spetra turn out to be onsiderably larger (see, e.g., Lutovinov et al.2005a).
Furthermore, as was pointed out by Smith et al. (2007), an infrared exess should have been
deteted from the region under study in this ase, but it is not observed.
For example, a red giant as the optial ompanion, absorption in the orona above the
edges of an inlined aretion disk, et. an be the possible explanations of the enhaned
absorption. The so-alled seed photons oming from the neutron star surfae, having a
ertain minimum energy, and then Comptonized in the hot orona an also be responsible
for the observed exess absorption. However, the absorption assoiated with this eet is
smaller than the observed exess of absorption in the spetrum of XTE J1901+014. Finally,
the enhaned absorption may be assoiated with loal inhomogeneities toward the soure,
for example, it may stem from the fat that a small moleular or gas-dust loud falls on the
line of sight by hane.
The distane to the soure also remains unertain,sine it strongly depends on the system
type (see Fig. 5). If the soure's luminosity during its outbursts is assumed to reah the
Eddington limit, then the distane to the objet is ∼5 kp. If the system is loated at this
distane or loser, then only a late-type star an be the optial ompanion (Fig. 5); if,
alternatively, the system is muh farther, then a late A or F main-sequene star an at as
the optialompanion. In this ase, however, the soure during its outbursts is essentially a
super-Eddington one, muh as is observed for V4641 Sgr (Revnivtsev et al.2002). The latter
is also possible if the ompanion in the system is a distant red giant (Fig. 5).
In onlusion, note that XTE J1901+014 diers signiantly from other known fast X-
ray transients, suh as IGR J17544-2619 (Sunyaev et al. 2003), XTE J1739-302 (Smith et
al. 2006; Lutovinov et al.2005b), AX J1749.1-2733 (Karasev et al. 2008), SAXJ1818.6-
1703 (Grebenev and Sunyaev 2005) et.; it is probably the rst fast X-ray transient in a
low-mass X-ray binary. Note also the interesting similarity between XTE J1901+014 and
Swift J195509.6+261406, whih, just as XTE J1901+014, was also initially lassied as a
gamma-ray burst (Kasliwal et al. 2008).
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Figure 1: Energy spetrum of XTEJ1901+014 in the energy range 0.5-10 keV obtained from
PN/XMM-Newton data and tted by a power-law with interstellar absorption.
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Figure 2: Power spetrum of XTE J1901+014 obtained from PN/XMM-Newton data and
tted by a power law.
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ROSAT / HRI
SAO BTA (I-band)
XMM-Newton / MOS2
RTT-150 (r-band)
XTEJ1901+014
2MASS (J-band)
XTEJ1901+014
Figure 3: Fig. 3. Images of the sky region ontaining XTE J1901+014: (a) in the I band
based on BTA data, (b) in the r' band based on RTT-150 data; and () in the infrared J
band based on 2MASS data. The loalization enter and the XMM-Newton/MOS2 (2
′′
)and
ROSAT/HRI (5
′′
) error boxes of XTE J1901+014 are shown in the images. The irles and
rosses mark the positions of the nearest 2MASS and USNO-B1 soures.
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Figure 4: Distane dependene of the absorption obtained from absorption and distane
estimates for stars near XTE J1901+014 based on optial and infrared atalog data.
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Figure 5: Distanes to the stars versus their temperature (type) for various values of the
absorption. Main-sequene stars and OB giants onstitute the extended strip; the region
of giants is also shown. The long dashed line marks the distane to the Galati edge in
the diretion under onsideration; the short dashed line marks the distane at whih the
Eddington luminosity limit for the neutron star during the XTE J1901+014 outburst in
2002 is reahed. The numbers mark the following regions: 1, the star of this type an be the
ompanion of XTE J1901+014, whose luminosity was below the Eddington limit during the
2002 outburst; 2, these stars an be the ompanions, but the luminosity during the outburst
was above the Eddington limit; 3, these stars annot be the ompanions.
